Safe drinking water and sanitation are important determinants of human health and wellbeing and have recently been declared human rights by the international community. Increased access to both were included in the Millennium Development
Introduction
In 2012, the United Nations (UN) Secretary General declared that the water component of MDG target 7c, to reduce by half the proportion of people without access to safe drinking water, had been met, five years ahead of the 2015 deadline [1] . By contrast, the sanitation target, to reduce by half the proportion of people without access to safe sanitation, was declared seriously off-track and unlikely to be achieved [2] . Whereas 780 million people are estimated to lack access to an 'improved' source of drinking water, an estimated 2.5 billion lack access to an 'improved' sanitation facility [2] . This apparent deficit, with global progress on extending access to safe sanitation lagging behind that of water, has been coined the 'sanitation crisis' and has contributed to various calls to action being issued [3] .
The current MDG target for water and sanitation and the methods for monitoring its progress are part of a longer-term evolution of international goal setting and monitoring for water and sanitation [4] . Although there is one joint target for water and sanitation -''to halve, by the year 2015, the proportion of people without sustainable access to safe drinking water and basic sanitation'' [2] -the respective benchmarks for water and sanitation differ significantly with regard to the level of access deemed adequate. For water, the benchmark for 'improved' is community-level access and, for sanitation, it is household-level access [2] . This decision to establish different benchmarks was seemingly pragmatic; a combination of evidence and experience but also realism in terms of what could be achieved at that time in light of existing levels of progress, resource constraints, and historic levels of ambition. In addition, keeping the water target at the level of the community may have been considered a progressive measure to incentivize reaching those with distant and unsafe water, rather than improving the level of access of those already served at the community-level through subsidized household connections.
The inclusion of water and sanitation within the MDG framework reflects the important contribution of these basic services to human health and wellbeing as well as to the realization of human rights. It has been estimated that as much as 6.6% of the global burden of disease is attributable to poor water, sanitation and hygiene, and this problem is heavily concentrated in low income settings [5] . In particular, diarrhoeal diseases, largely preventable with safe water, sanitation and hygiene, persist as a leading cause of child deaths globally [6] . Water and sanitation also contribute to economic development [7] , education [8] and improving the nutritional status of children [9] . Beyond these specific benefits, access to ''sufficient, safe, accessible and affordable'' water and sanitation is recognized as a human right [10] .
The extent to which these benefits differ between community-and householdlevel access to water and sanitation is unclear but that they do differ significantly is well established and generally accepted [11] and this is discussed further below. The human rights considerations of sufficiency, safety, accessibility and affordability are also inextricably linked to where services are located in relation to the household. The benchmarks for water and sanitation established under the MDG target however were not consistent in this regard; the minimum requirement for water was a protected community-level source, such as a tubewell, but for sanitation it was a household-level sanitation facility, such as a household pit latrine. It is striking that within one MDG target, such different benchmarks should have been established in relation to both human rights obligations and the potential health benefits.
In the coming year, a new set of development goals will be agreed and an 'illustrative' proposal for these has been put forward which includes a dedicated universal water and sanitation access goal [12] . However the meaning of this goal is contingent on which benchmarks will be used in monitoring changes in access to water and sanitation. In this analysis, we assess progress on water and sanitation access from 1990 through 2015 under two scenarios: the first with a communitylevel benchmark for both water and sanitation; and the second with a householdlevel benchmark for both. We refashion the current MDG target definitions of 'improved' in order to critically assess progress in bringing water and sanitation closer to the household where health and other benefits are greatest. A better understanding of trends in global progress for community-and household-level access to these services can support current debates as to the appropriate level of ambition and focus for new international goals on water and sanitation.
Methods
This study uses the same data sources used by the World Health Organization (WHO)/United Nations Children's Fund (Unicef) Joint Monitoring Programme (JMP) to assess national, regional and global progress toward the water and sanitation MDG target. This analysis models global progress on water and sanitation under the two scenarios described in Table 1 ; the first with a community-level benchmark for access and the second with a household-level benchmark. Under the 'community-level benchmark' scenario, both communitylevel access (i.e. a public water point or sanitation facilities that are shared by more than one household) and household-level access are classified as improved. Under the 'household-level benchmark' scenario only household-level access for both water and sanitation (i.e. only individual household water sources and sanitation facilities) are classified as improved.
It is necessary to 'gap fill' for certain countries and years where data are unavailable and for this we use an alternative approach to that currently used by the JMP. The methods are described in three parts: (1) the approach to gap-filling for missing data; (2) estimation of progress under Scenario 1 with a communitylevel access benchmark; (3) estimation of progress under Scenario 2 with a household-level access benchmark.
In total, 170 countries were included for the drinking water analysis and 169 countries for the sanitation analysis, equivalent to 99.5% and 98.4% of the global population respectively (Table 2 ). Countries with populations under 100,000 and/ Table 2 . Number and description of countries included and excluded from water and sanitation analyses.
Sanitation
Countries included in raw JMP data (2011) 224
Countries excluded by size or population criteria 49
Countries excluded for missing all data 6
Countries used to calculate cluster averages of shared to improved sanitation ratio 146
Countries missing shared sanitation estimates 37
Countries gap-filled using clustering methodology 25
Countries gap-filled using MDG region and HDI methodology 12
Countries missing data for certain years and technologies 41
Total countries used in analysis 169
Total world population included in analysis 98.4%
Water

Countries included in raw JMP data (2006) 229
Countries excluded by size or population criteria 56
Countries excluded for missing all data 2
Countries used to calculate cluster averages of proportion of protected wells on plot 22
Countries gap-filled using clustering methodology 148
Countries gap-filled using MDG region and HDI methodology 22
Countries missing data for certain years and technologies 16
Total countries used in analysis 170
Total world population included in analysis 99.5%
doi:10.1371/journal.pone.0114699.t002
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or under 100 km 2 total area [13] were excluded from the analysis and all countries without any data for water and/or sanitation coverage were excluded.
Description of data
The JMP assembles country-level data from national censuses and nationally representative household surveys collected by national offices of statistics and international survey initiatives [4] . The JMP sanitation data were downloaded directly from the JMP website (www.wssinfo.org). Although data for urban and rural improved drinking water, and for water piped to home/plot are publicly available, this data alone is insufficient for the purposes of estimating household versus community-level access for water and sanitation as done here. The additional and more detailed data required for this analysis (including urban and rural population using protected wells, public standpipes, protected springs and rainwater collection) were obtained directly from the JMP for 1990 through 2006; these are the only years for which JMP has produced these more detailed data on drinking water access.
Statistical Analysis
Where certain country specific data was unavailable, we allocated the mean value derived from a cluster of comparable countries. Countries were allocated to five 'WatSan' clusters' according to a previously published methodology based on similarity across a set of WatSan indicators using a hierarchical clustering method and gap statistic analysis [14] . This approach to clustering is reported as being more compact and better separated than comparable geographic or income-based clustering approaches as used by the United Nations and the World Bank [14] . 22 countries included in this analysis were not included in the WatSan clusters developed by Onda and colleagues [14] and were instead grouped by Human Development Index (HDI) category and MDG region (Table 3 ) to identify mean cluster-level values for missing values. These country clusters were used to estimate mean cluster-level values for the proportion of the population using shared sanitation and household-level protected wells, as described further below.
Where sanitation values were not provided by the JMP for certain countries in certain years (most often 1995, 2000 and/or 2010) estimates were made using simple linear regression techniques based on available data points with Microsoft Excel (2011) [15] . In the 37 countries where there is no data for shared sanitation, the JMP reports these countries as having no shared sanitation [16] . In this analysis, we instead applied a mean cluster value for the ratio of community-level improved sanitation to all improved sanitation (Table 4, Equation 1) .
Water values for missing years were estimated using linear regression as described above for sanitation. However, the publicly available JMP estimates for water distinguish only between urban and rural 'improved' drinking water access, and between piped water at home/on-plot and all other 'improved' categories (protected wells, public standpipes, protected springs and rainwater collection). Estimates of the country-level fraction of 'protected wells' that are shared between households are not available in any publication or data set; therefore, raw data from country-level surveys were used. Raw data from Demographic and Health Surveys (DHS) [17] (questions 101 and 103) and Multiple Indicators Cluster Surveys (MICS) [18] (questions WS1 and WS3) from 22 countries were used. Results from these countries were used and gap-filling was conducted for both scenarios as described in Table 3 . For the developed countries of WatSan cluster 1, it was assumed that all protected wells were at the household-level (Table 3) .
For some countries urban and rural 'improved' water estimates were provided by JMP but data for piped water and other 'improved' categories were not. The relationships between country-level urban piped water and log 10 GDP per capita and rural piped water and log 10 GDP per capita are strongly positively correlated; therefore, the global regression of these parameters was used to estimate urban Countries in italics were used to establish cluster averages for shared sanitation; countries in bold were used to establish cluster averages for shared protected wells. The italicized countries are those for which the percentage using shared sanitation were available from JMP. The bolded countries are those for which the percentage of protected wells shared between households could be determined from DHS and MICS survey data.
doi:10.1371/journal.pone.0114699.t003 and rural piped water coverage when country-level estimates were unavailable from JMP (Fig. 1) ; this method was used for four countries (Table 5 ). For these four and another 24 countries that lacked JMP estimates for the other categories of improved water, the distribution of the fraction of 'other improved' into the four remaining categories (protected well, public standpost, protected spring and rainwater) was calculated for each MDG region. The corresponding MDG regional averages were then applied to allocate 'other improved' to the four remaining categories (Table 6 ).
With assigned values for all missing data, progress under Scenario 1 (with a community-level benchmark for both water and sanitation) and Scenario 2 (with a household-level benchmark for both water and sanitation) were estimated in accordance with JMP methods [2, 19] . For Scenario 1, we combined estimates for 'improved' and 'shared' sanitation (Table 4, Equation 2 ) and compared coverage with that under the standard community-level water benchmark used for the MDG target. For Scenario 2, water access at the household level was calculated by summing JMP estimates for 'piped to home/plot' with those for 'rain water harvesting' and the estimated fraction of 'protected wells' not shared by multiple households (Table 4, Equation 3 ). Gap-filling was conducted for both scenarios using data from the countries identified in Table 3 .
For both scenarios, values for the MDG baseline year (1990) were calculated in accordance with JMP methods for both benchmarks. Based on this revised baseline, values for the MDG target year (2015) were calculated for both scenarios in accordance with the JMP methodology and the same formula was applied to both (Table 4 , Equation 4). Estimates of global coverage under the two scenarios were likewise calculated using the linear regression methods used by JMP. 
Results
We estimated global progress between 1990-2015 on community and householdlevel access to water and sanitation, further disaggregated by rural and urban areas. Using these alternative benchmarks, we were also able to estimate whether the MDG target, refashioned in accordance with these alternative benchmarks, would be met under these two scenarios. Finally, we estimated when universal access to water and sanitation would be achieved using these two benchmarks.
Global progress on community-level drinking water and sanitation (see Table 1 for definitions) is depicted in Fig. 2 . Under this scenario, with equivalent community-level benchmarks for both water and sanitation, the nominal MDG target of halving the proportion without access is met by 2010 for water and in 2014 for sanitation; both ahead of the 2015 target date. While the water target is met earlier, the rate of progress for sanitation exceeds that of water such that the difference in the proportion with access to water versus sanitation is almost halved between 1990 and 2015. Under this scenario, we estimate that in 2015 the global population without access to water and sanitation at the community-level will be approximately 517 million and 1.58 billion, respectively. We estimate that at Table. 5. Countries where ''% Piped'' was estimated from regression equations (see Fig. 1 The maximum country-level ''% Piped'' value was set to the ''% Improved'' value reported by JMP.
doi:10.1371/journal.pone.0114699.t005 Table. 6. Mean proportion breakdown of ''Other Improved'' drinking water access into four categories (public standpost, protected well, protected spring and rainwater collection) in urban and rural areas of each MDG region.
MDG Region
Urban fraction public standpost current rates of progress, universal community-level access will not be achieved until 2025 and 2037 for water and sanitation respectively. An equivalent household-level access benchmark for both water and sanitation was considered under Scenario 2 (see Table 1 for definitions). Global progress against this benchmark between 1990 and 2015 is shown in Fig. 3 . Under this scenario the estimated levels of access in 2015 are almost equal such that approximately one third of the world's population will lack access to safe water and sanitation at a household level, equivalent to 2.35 billion and 2.46 billion for water and sanitation respectively. The rate of progress for household-level access is greater for sanitation compared to water such that, on current trends, access to sanitation at a household-level will overtake that of water in 2022. Based on the same linear regression, we estimate that universal household-level access would not be achieved until 2075 and 2061 for water and sanitation, respectively, should progress continue at the current rate.
Globally, levels of access to water and sanitation and rates of progress, whether at a community-or household-level, vary between rural and urban settings. Fig. 4 shows global progress against a community-level benchmark disaggregated by rural and urban settings. In rural areas, between 1990 and 2015 substantial progress has been made on both water and sanitation against a community-level benchmark and the gap between rural and urban levels has reduced substantially. In urban areas, there has been little change in the proportion without communitylevel access to water whilst the proportion without community-level access sanitation has reduced by half.
Between 1990 and 2015, levels of household-level access to water and sanitation improve at an almost equal rate in rural areas (4) . Access to rural household-level coverage for water and sanitation rose from approximately 949 million for water and 855 million for sanitation in 1990, to 1.69 billion to 1.80 billion respectively in 2015. Although the proportion of the population in urban areas gaining household-level access to both water and sanitation has changed little for sanitation and remained constant for water between 1990 and 2015 (Fig. 5) , in absolute numbers, we estimate a large change. Between 1990 and 2015, we estimate that an additional 1.26 billion people will have achieved household-level access to water and 1.29 billion to household-level sanitation in urban areas. These dramatic increases in absolute numbers have barely kept pace with increases in the global urban population. In 2015, we estimate that for water and sanitation respectively 32% and 34% of the global urban population will be without household-level access.
Discussion
Applying equivalent benchmarks to both water and sanitation reveals remarkable similarity in progress on water and sanitation since 1990 (Figs. 2 & 3) . Although the proportion of those with community-level access to water will exceed that of sanitation in 2015, the proportions with household-level access to water and sanitation will be almost equal (Fig. 3) . Disparities in levels of access between rural and urban areas are also diminishing (Figs. 4 & 5) .
The purpose of this analysis was to assess progress on water and sanitation between the MDG baseline and end date (1990-2015) against different benchmarks of access. The two scenarios constitute alternative benchmarks for monitoring MDG progress, with equivalent levels of access for water and sanitation in each scenario; Scenario 1 to halve the proportion without community-level access by 2015, and Scenario 2 to halve the proportion without household-level access by 2015. If the sanitation benchmark for the MDG target had, like water, considered community-level access, the target would have been met before 2015. If, alternatively, the water benchmark for the MDG target had been household level access, like that for sanitation, the target would be seriously off-track.
The often reported 'sanitation deficit' is apparent only when household-level sanitation access is contrasted with community-level water access, as is done under the current MDG target monitoring framework. Our analysis suggests substantial and comparable progress has been made since 1990 under the MDG target on both water and sanitation and at both levels of community and household access; and, that progress towards MDG attainment is broadly similar under each scenario. Indeed, since 1990, the rate of progress has been greater for sanitation than for water for both community-and household-level access and in both rural and urban areas.
These benchmarks correspond to important differences in the likely benefits associated with water and sanitation. The importance of distance to water source in determining the level of benefits enjoyed by the individual or household has long been recognized. In their seminal study of domestic water use in East Africa, White and colleagues observed that, ''diarrhoeal diseases also seem to diminish when water supplies are made more accessible'' [11] . This observation was confirmed by the findings of a later review on the effect of water supply that found the only water supply interventions to improve health were those where water was made available at or near the home [20] . More recent systematic reviews have found that increased distance to water source was significantly associated with an increased risk of diarrhoeal disease although the reasons for this association could not be elucidated [21, 22] . These findings are supported by an analysis of household survey data from 26 African countries which found that time spent walking to a household's water source was a significant determinant of under-five child health after adjustment for various potentially confounding variables [23] . One of the more persuasive arguments for this apparent jump in health benefits is that it is driven by a dramatic increase in consumption when water is available at the household-level which enables improved domestic hygiene [24] .
For sanitation too there is evidence that the benefits of household level access outweigh those offered by community-level access. In a recent systematic review, Heijnen and colleagues found that that individuals using shared sanitation facilities had a higher risk of diarrhoeal disease infection in comparison to those using household facilities [25] . This is supported by common sense about relative ease of access, especially at night and for certain sub-populations (including women, children, people with disabilities and those with chronic diseases). In general, shared facilities are assumed to be less acceptable to populations and therefore less likely to be used, particularly by women [26] . Joshi and colleagues cite two examples of different types of community-level sanitation facility, one in Kenya and one in Bangladesh; the prohibitive costs of the former driving households to unsafe alternatives, and the latter, with inadequate provision for maintenance, presenting an environmental risk to the community [27] . A study of shared toilets in Bhopal, India, including facilities managed by the community, the municipal authority and private providers, found that the ratio of male to female users was 2:1 and this was consistent for both adults and children [28] . One reason why women, in particular, may opt to not use shared facilities is the associated risk of violence they may experience, whether this be psychological, physical or sexual [29] .
Current evidence suggests that household-level access is required to maximize the benefits associated with the use of water and sanitation. Indeed, many benefits are limited or negated by community-level access such that the human rights obligations of governments to progressively realize sufficient, safe, and accessible water and sanitation services will be difficult to ensure without universal household access. The rates of progress for community-and household-level access have been remarkably consistent for water and sanitation, likewise across rural and urban areas. It seems though that underlying assumptions regarding the attainability of household-level access to water have led to a substantially lower level of ambition with regard to water access as compared to sanitation.
Current proposals for the 'post-2015' development agenda appear to perpetuate differentiated benchmarks for water and sanitation with regard to community and household-level access [2] . Whilst universal household-level access to sanitation is deemed attainable within the horizons of a post-2015 goal -albeit with a modification to include facilities shared between a small number (,5) of households -, universal household-level water access is not. The linear progress trends estimated here do not confirm the implicit assumption that householdlevel access to safe drinking water is significantly less attainable than sanitation. Our analysis instead suggests that the same target year for achieving householdlevel access to water and sanitation is both appropriate and attainable.
Limitations
Household surveys, such as the DHS or the MICS, are very important source of data with regard to water and sanitation, permitting estimates of progress that are comparable across countries. There are though limitations to datasets that have been assembled from different surveys that have changed incrementally over time [30] . Gunther and Fink in their analysis of the DHS and MICS surveys for 172 countries report the challenges of managing hundreds of different codes for both water and sanitation, and the JMP uses many other household surveys in addition [19] . Lastly, the survey data compiled by the JMP does not have publicly available margins of error such that it was not possible to estimate confidence intervals for our estimates.
Although our methods are largely consistent with those of the JMP, we did adopt alternative methods to address missing values for particular years and/or categories of access and there are limitations to our gap-filling approach. Firstly, as described above, a number of countries were excluded from this analysis due to their size or the fact that no estimates exist for water and sanitation coverage (Table 2) . However, less than 1% of the global population was excluded from our water analysis and less than 2% for sanitation, and as only global trends have been reported, any effect of excluding countries on our results will be minimal. Secondly, we clustered most countries based on comparability across a number of water and sanitation characteristics, rather than HDI as is commonly used, in order to allocate values for missing data. Although we excluded a small number of countries (n522), our method compares favourably to that used by the JMP with regard to the compactness of clusters [14] and the overall estimate for global progress is likely to be more robust.
The limitations to the data and methods used for this analysis are broadly similar to those facing the JMP and, as the primary purpose of this analysis is to provide comparable estimates of progress using different benchmarks, the findings are not necessarily weakened. Further analysis is needed to accurately assess trends at regional and national levels that may differ substantially from the global patterns discussed here. Whilst this analysis considered only urban:rural disparities, there are other disparities that warrant investigation. Important among these, based on recent analysis by the JMP and others [1, [31] [32] [33] , are socioeconomic disparities as captured by a comparison of the levels and rates of progress between wealth quintiles.
Conclusions
The claim that sanitation lags behind water is largely an artifact of the benchmarks adopted for monitoring progress towards the MDG target. Global progress towards universal access to both safe water and sanitation at the household level, where the health and other benefits are maximized, is inadequate and the deficit is as great for water as it is for sanitation. Aligning future goals, targets and monitoring efforts with this challenge is critical to secure the full health and other benefits offered by water and sanitation. Future benchmarks should be clear and concise; equally meaningful for those households currently without these services and those with responsibility to progressively realize these goals. Expressing the targets for a future global water and sanitation target in equivalent terms of community or household-level access for water and sanitation, rather than the existing terminologies of 'basic' or 'intermediate', would focus attention on these two critical service thresholds. Rendering future targets equivalent will also reinforce the interdependency of these services, facilitating greater coordination in planning, resourcing and delivery. One path to achieving this may be a global target with a single benchmark set at the critical level of household access and for both water and sanitation together. that has transformed how water and sanitation access is monitored internationally over the last decade.
